We propose a new supersymmetric SU (5) orbifold GUT in 5 dimensions with naturally light electroweak symmetry breaking scale. The extra dimension is compactified on a S 1 /Z 2 × Z ′ 2 orbifold having two fixed points. The fermions and standard model gauge bosons are localized in the standard model brane (O). The electroweak symmetry is broken at the SU (5) invariant brane (O ′ ) at around the GUT scale by Higgs doublets, which acts as a source for the electroweak symmetry breaking in our (O) brane through "shinning" of the messenger fields residing in the bulk. The "shined" value of the messenger field in our brane is exponentially suppressed and the electroweak symmetry breaking scale in our (O) brane remains naturally light. Since the messenger fields are heavy, split supersymmetry can be realized in this model without any fine tuning. We also argue how unitarity and triviality constraints may be solved and S, T and ρ parameters of the electroweak precision measurement may be explained. We discussed how fermions get masses and neutrinos remain light. If this model explains nature, then Higgs scalars and sfermions will not be observed at LHC, although there will be signal for gauginos and new physics coming from extra dimensions.
Introduction: The simplest grand unified theory, which accomodates the standard model, is based on the gauge group SU (5) . Inspite of its simplicity, there are several problems in the simplest version. Many extensions were thus considered with varied consequences. To solve the gauge hierarchy problem, supersymmetry was introduced. But the supersymmetric models introduce more problems. Recently it has been suggested that if supersymmetry is broken at a very high scale, then many problems associated with low energy supersymmetry will disappear [1] . These split supersymmetric models will have the standard model fermions at low energy but their superpartners will be heavy. Only the superpartners of the scalar and vector particles remain light, which can allow gauge coupling unification and solve dark matter problem.
In models of split supersymmetry [1] it was argued that since we have seen fine tuning in nature like the cosmological constant, we should not insist on solutions of fine tuning. In this article we propose a new possibility of having a split supersymmetric model without any fine tuning. Although the basic idea to solve the fine tuning problem is similar to some recent works, where they try to give small vev to very heavy Higgs scalars [2] , our mechanism is completely different.
We start with a supersymmetric SU (5) orbifold GUT in 5 dimensions with two fixed points [3] . We confine all the standard model particles in one brane where SU (5) is broken to the standard model. Supersymmetry is broken at some high energy. The Higgs scalars at the SU(5) invariant brane then acquires a large vev of the order of GUT scale. So, all scales in the theory are of the order of GUT scale and no low scale is introduced in the theory. The messenger Higgs scalars in the bulk will then induce electroweak symmetry breaking in the standard model brane through their "shinned" value [4] , which is exponentially suppressed to give the electroweak scale in the standard model brane of the order of 100 GeV. Since the Higgs mass is very high, the radiative corrections cannot introduce any fine tuning problem. We also argue how the unitarity and triviality constraints are satisfied. The fermion masses, including the smallness of the neutrino mass, are explained naturally. So, the smallness of the electroweak symmetry breaking scale does not require any fine tuning even though supersymmetry is broken at very high scale.
The model: Orbifold GUTs have been studied extensively for both SU(5) [3] and SO(10) [?] GUTs. We consider a supersymmetric SU(5) orbifold GUT in 5D with N=1 supersymmetry. The 5D space-time is factorized to 4D Minkowski space M 4 (with coordinates x µ , µ = 0, 1, 2, 3) and the 5th dimension compactified on an orbifold
). The circle S 1 with radius R (with R −1 ∼ M GU T = M U ) will be mod out by a discrete Z 2 transformation with the equivalence relation P : y → −y, where y = x 5 . We then divide S 1 /Z 2 by the second Z ′ 2 which acts as P ′ : y ′ → −y ′ with y ′ = y + πR/2. There are then two fixed points at the points y = 0 and y = πR/2 ≡ ℓ, where there will be two 4-dimensional 3 branes O and O ′ . The action of the two Z 2 and Z ′ 2 parities P and P ′ on any generic field Φ(x µ , y) in the bulk will be defined by
The action of P and P ′ give eigenvalues ±1. The fields Φ ±± (x µ , y) with eigenvalues {P, P ′ } ≡ {±, ±} will then have the following mode expansion
++ (x µ ) cos 2ny R ,
and hence only the 4D Kaluza-Klein field with eigenvalues ++ can have massless zero mode. The fields Φ ++ and Φ +− can be non-vanishing at the brane O at y = 0, while the fields Φ ++ and Φ −+ can be non-vanishing at the brane O ′ at y = ℓ.
In 5D the local Lorentz group is O(5). The Weyl projection operator γ 5 is part of O(5) and hence both the left-chiral and right-chiral fields of 4D belong to the same representation of any 5D field. The N = 1 supersymmetry in 5D will thus contain 8 real supercharges, which in 4D will imply an N = 2 supersymmetry. For any realistic orbifold grand unified theory, the parity assignment corresponding to the discrete symmetries P and P ′ should reduce N = 2 supersymmetry to N = 1 supersymmetry in 4D and also break the SU (5) symmetry to the standard model gauge group
This can be achieved by the parity assignments,
where these matrix representations of P and P ′ acts on the fundamental representation of SU (5). Thus all SU(5) components of any multiplet will have the same parity under P, while the components of the SU(5) multiplets that are invariant under the standard model (1) Y (denoted by the index a) will have opposite parity compared to the fields belonging to the coset space SU (5)
The vector multiplet of N = 2 supersymmetry contains a vector supermultiplet V a and a scalar supermultiplet Σ a of N = 1 supersymmetry. The parity assignments are inputs in orbifold GUTs, which determine the matter contents. One convenient choice for the parity operator P is even for the vector multiplets and odd for the scalar multiplets. The (P, P ′ ) assignments for the vector and scalar multiplets are then given by,
Thus, only V a will have zero modes in the bulk. Both the fields V a and Vâ will exist in the brane O at y = 0 and hence all fields will experience complete SU (5) invariance. In the brane O ′ at y = ℓ the fields V a and Σâ will be present and all other fields will experience only the standard model gauge symmetry in this brane. Thus SU(5) symmetry will be broken to the standard model in both the bulk and also the brane at O ′ .
Our purpose is to have split supersymmetry without fine tuning. So, we break supersymmetry at a very high scale. This can be done following any one of the prescriptions of reference [1] . However, since we donot have to worry about fine tuning, we can have a simpler scenario. Supersymmetry could be broken with a non-vanishing F-term, parametrized by the spurion chiral superfield,
The superfield X breaks supersymmetry and the R-symmetry simultaneously. All the soft-terms are then generated at the scale m. It is also possible to break supersymmetry with a spurion field Y = 1 + θ 4 m 2 which breaks supersymmetry but still preserving R-parity if R[Y ] = 0. This spurion could arise from D-terms or even F-terms. We shall not discuss the details of any supersymmetry breaking. We shall only assume that after supersymmetry breaking all superpartners of the fermions become heavy. Only the gauginos and the higgsinos could be light depending on the supersymmetry breaking mechanism.
In the present scenario we shall assume that the standard model particles are localized at the O ′ brane at y = ℓ, where SU (5) is broken to the standard model. This is highly convenient for several reasons. The quarks and the lepton multiplets are just the one required by the standard model:
and e c L , which remain massless in this brane. Since supersymmetry is now broken at a high scale, the superpartners squarks and sleptons are heavy. There are no Higgs scalars in this brane.
There are two Higgs superfields in the SU(5) invariant brane O at y = 0, a 5-plet superfield φ and a5-plet superfieldφ. The superpotential in this brane is such that the scalar components of both these superfields acquire vev at the GUT scale (M U ), which is the only scale in the theory. We also introduce a singlet scalar, whose couplings ensure that the Higgs doublets acquire vev without breaking supersymmetry. The superpotential for these fields in the O brane are.
The vanishing of the D-term will imply, φ = φ and the vanishing of the F-terms will then give, S = M φ /f φ and φ = φ = {M
f φ ∼ 1, all the vevs are of the order of the GUT scale. The masses of both the doublet and triplet components of the Higgs superfields are same in this brane.
We now introduce two Higgs superfields H 1 (5-plet) and H 2 (5-plet) in the bulk. The P ′ parity for the doublets and the triplets are different in the bulk and as a result only one of the components can be the massless mode. We assign −ve P ′ parity for the triplet component and +ve P ′ parity for the doublet components of H 1 and H 2 . Thus under 
Since the masses of the zero modes of these fields are very high and almost comparable to the higher excited modes, they may behave similarly as the excited modes in the bulk. However, on the two branes at O and O ′ , the couplings of the excited modes will be suppressed by the volume of the bulk and hence we shall not include them in our discussions. These two fields now act as messenger of electroweak symmetry breaking to the standard model brane O ′ . The "shined" value of these Higgs doublets to the O ′ brane will be suppressed by the Yukawa potential exponentially and hence will remain very small, although these fields are very heavy. This distant breaking mechanism [4] was used extensively in several models of large extra dimensions [6] .
Since supersymmetry is now broken at very high scale, all the Higgsinos in the bulk will be heavy with mass m H . So, we now proceed to see the interactions of the Higgs scalars, which will only be relevant at low energies. The interaction of these bulk scalars in the O brane is given by
The constants µ 1,2 have the dimension of mass and we considered interactions of the scalars only. Although all the 5 components of the fields φ andφ have equal mass and there is no doublet-triplet splitting in the O brane, in the bulk the discrete parity P ′ allows only the doublet components of 5-plet and5-plet to be the massless modes (H 1 and H 2 ). Thus in this interaction in the O brane at y = 0, only the doublet scalar components of φ andφ couple to H 1 and H 2 .
Considering the distance between the two branes, the source at the O brane may be taken as point source for the estimation of their effect at the O ′ brane. The profile of the fields H 1 and H 2 along the transverse direction y can then be obtained as the Yukawa potential in the y direction [4] ,
where
for m H y ≫ 1. In the O ′ brane at y = ℓ, the effective "shined" value will be highly suppressed. For m H ℓ ∼ 30, the "shined" value of H 1 and H 2 at the O ′ brane will be of the order of 100 GeV. This will then break the electroweak symmetry in the standard model brane at around 100 GeV.
Phenomenology: Thus in the O ′ brane we have the quarks and leptons localized. The gauge interactions are given by the standard model. The electroweak symmetry breaking takes place through the vevs of the Higgs doublets H 1 and H 2 at the electroweak scale.
Supersymmetry is broken at a very large scale. The quark and lepton masses come from the usual Yukawa couplings
The quark and charged lepton masses are then given in terms of the "shined" values of the messenger fields to be,
To give masses to the neutrinos we introduce three right-handed neutrinos N R in the standard model brane. Since there is no symmetry to protect the Majorana masses of these neutrinos, they have a Majorana mass at the natural scale in this model, which is the GUT scale, M N ∼ M U . Interactions of the right-handed neutrinos can now be given by,
which can then give the see-saw masses to the left-handed neutrinos
The most severe constraints on this model comes from the unitarity bound and the electroweak precision data, namely, the oblique S and T parameters. The scattering of the longitudinal gauge bosons breaks down for very high Higgs mass, unless some new physics takes over at around the TeV scale. The Higgs contributions to the S and T parameters also become much higher than allowed by the electroweak precision measurement, if the Higgs mass is much higher than 100 GeV. All these problems can be solved if there is new physics beyond the standard model at higher energies, say, beyond 1 TeV. In the present model we expect new physics to come up around this scale from the bulk, which should solve these problems. In the bulk the messenger Higgs scalars are supposed to have their "shined" value depending on their position. So, as we go further away from our brane along the y direction, the "shined" value of the Higgs will grow. We have also noticed that in the bulk there are standard model gauge bosons, which usually decouple from our brane. These gauge bosons will have distance dependent masses. So, any gauge bosons coming from a far away point will be heavier. These new gauge bosons and other new physics coming from the bulk will contribute to change the predictions of the S and T parameters and also solve the unitarity bound.
The Higgs bosons have masses of the order of the GUT scale, so in the next generation experiments Higgs boson should not be seen. However, the predictions of this model is different from that of the higgsless models [7] . Since the Higgs scalars interacts with the gauge bosons in our brane just like the standard model Higgs doublets, the prediction for the ρ parameter is exactly same as in the standard model,
The triviality bound is satisfied in this theory without any difficulty, since the "shined" value of the Higgs scalars do not depend on the quartic couplings of the Higgs in our brane and hence there is no Landau pole.
The split supersymmetric models encounter the problem of fine tuning because of the quadratic divergences. Since supersymmetry is broken at very high scale, the one loop quadratic divergent diagrams will make the Higgs scalars as heavy as the supersymmetry breaking scale and one needs to fine tune parameters to keep the Higgs mass and the vev as low as the electroweak scale. In the present model, the Higgs scalars are heavier than the supersymmetry breaking scale and the vevs are independent of the Higgs mass. As a result, the quadratic divergences are harmless and there is no need to fine tune any parameters.
Summary: We proposed a simple supersymmetric 5-dimensional SU(5) orbifold GUT with the 5th dimension compactified on S 1 /Z 2 × Z 2 . There are two fixed points, in one of which SU (5) is broken to the standard model, while in the other SU(5) remains invariant. Only standard model interactions are allowed in the bulk. The standard model brane contains the usual fermions. The electroweak symmetry is broken at the SU(5) brane by Higgs mechanism at around the GUT scale, but in the standard model brane this is conveyed by the "shined" value of messenger fields, which also have masses of the order of GUT scale. As a result there is no fine tuning problem and supersymmetry can be broken at very high scale. Triviality bound is also satisfied. There will be new physics coming up from the bulk, which will solve the unitarity constraints and S and T parameters of the electroweak precision data. The ρ parameter is same as in the standard model. The main prediction of the model is that Higgs scalars, Higgsinos or the sfermions should not be seen in the next generation accelerators. Depending on the suprsymmetry breaking mechanism, the gauginos could remain light and can be the dark matter candidate.
